Brown patch CRhizoctonia solani KUhn) is a destructive disease of turfgrasses, but more is known regarding its management with fungicides than by cultural practices. This field study was conducted to determine the influence of mowing height and nitrogen (N) source on brown patch severity.
plots at Silver Spring. In 1992, non-fungicide-treated Sustane and Ringer plots had blight levels equivalent to most fungicide-treated plots at Silver Spring, but the quality of non-fungicide-treated Sustane and Ringer plots was inferior. No N-source had any significant effect on brown patch at Pikesville in any year. Hence, no consistent N-source effects on brown patch severity were observed at either location over the three year period. No single Nsource combined with iprodione was consistently associated with improved disease suppression or turf quality. Unfertilized plots were seldom damaged more by brown patch than plots that received N. There was no apparent relationship between brown patch severity and soil pH or crown tissue carbohydrate concentration. Plant parasitic nematode population densities were not consistently influenced by any mowing height or N-source treatment.
INTRODUCTION
Brown patch lRhizoctonia solani Kuhn) is a common and destructive disease of cool-and warm-season turfgrasses worldwide (Smith et aI., 1989) .
Brown patch was first observed on creeping bentgrass lAgrostis palustris Hudson) in 1913 (Piper and Coe, 1919) . The disease is especially damaging to perennial ryegrass lLolium perenne L.), bentgrasses (Agrostis sp.), and tall fescue lFestuca arundinacea Schreb.) (Watschke et aI., 1994) . In coolseason grasses, brown patch is primarily associated with warm and moist environmental conditions (Smiley et aI., 1992) .
Management of this disease has focused primarily on the use of fungicides since Bordeaux was first applied to putting greens in 1917 (Carrier, 1923; Monteith and Dahl, 1932) . A rnodicun of information exists regarding brown patch management through cultural practices, particularfy mowing and fertilization. Some information is contradictory. For example, Rowell (1951) observed that brown patch severity was greater in low-cut turf, while Shurtleff (1953) reported no difference between mowing height and disease incidence.
In a one-year field study, Watkins et at (1990) reported that brown patch was more severe in tall fesuce mowed to a height of 6.4 versus 2.5 an. Large patch (incitant R. solanil was more destructive in zoysiagrass (Zoysia japonica Steud.) mowed to a height of 1.2 and 2.5 em than turf mowed to a height of 4.5 or 5.1 em (Green et al., 1994) . Bloom and Couch (1960) observed that higher levels of nitrogen (N) were conducive to an increase in brown patch on creeping bentgrass in a greenhouse study. In one-season field studies, Nelson and Craft (1990) and Soika and Sanders (1991) reported a reduction in brown patch severity with natural organic N-sources. The N-sources evaluated in the aforementioned studies are commercially available, and consist of composted plant and animal meals, animal manures, sewage sludge or leaves. Peacock and Daniel (1992) , however, observed no brown patch suppression from natural organic N (Ringer Turf Restore 10-1-5 with or without a biological inoculum amendment) when compared to urea in a greenhouse study. Green et at (1994) reported that large patch severity in zoysiagrass was not influenced by any of the N-sources evaluated (i.e., urea, ureaformaldehyde, poultry litter, sewage sludge, or bovine waste) in a two year field study.
There is great interest in using natural organic N-sources as a means of suppressing turfgrass diseases (Nelson, 1992) . Many different N-sources with varying N-release characteristics are available for use in turfgrass management (Turner and Hummel, 1992) . There is, however, limited field-based research devoted to studying the relationship among mowing height, N-source. and fungicide applications on brown patch. To develop a realistic management program for brown patch, more information is needed regarding the impact of the aforementioned cultural practices on this disease. Therefore, the primary objectives of this study were to evaluate the effect of two mowing heights and eight N-sources on brown patch severity in perennial ryegrass. There also were fungicide and non-fungicide-treated plots. The fungicide iprodione [3-(3, 5-dichlorophenyl) -N-( 1-methylethyl)-2, 4-dioxo-1-imidazolidine-carboxamide)] was delivered at the recommended rate and on an extended 21-day application interval rather than the normal 10 to 14-day interval (Watschke et al., 1994) . This approach was employed to identify an N-source(s) that would suppress the disease enough to provide acceptable brown patch control alone or would result in acceptable control with a reduction in fungicide-application frequency. Other objectives were to determine the aforementioned treatment effects on R. solani mycelium cover and overall turfgrass quality. Crown tissue carbohydrate content. plant parasitic nematode population densities. and soil pH were assessed for their potential influence on brown patch.
MATERIALS AND METHODS
This field study was initiated in May 1991 at the University of Maryland Cherry Hill Research and Education Facility, Silver Spring, MD. Soil was a ChillOOl silt loam (fine-silty. mixed mesic Typic Hapludult) with an initial pH of 6.0 (measured in distilled water) and 16 mg organic matter g-1 soil. Initial phosphorous (105 kg P ha-1 ) and potassium (202 kg K ha-1 ) levels were high.
The study was initiated on a 2 year old stand of 'Caravelle' perennial ryegrass. The experiment was arranged as a split-split plot design with four replications. Each mowing height whole plot measured 1.5 x 30.5 m. The sub-plots measured 1.5 x 3.0 m and consisted of eight N-sources plus a nonfertilized check randomized within the mowing height whole plots. The Nsource sub-plots were split with one-half of the plot receiving a fungicide. The fungicide -treated and untreated sub-sub-plots measured 1.5 x 1.5 m, and were randomized within the N-source sub-plots.
Mowing treatments began in May 1991. Plots were maintained at either 1.7 or 4.5 an with a reel mower. Plots were mowed three times weekly from May through September, and two times weekly during other periods of the growing season. Turfgrass clippings were removed.
From 1991 to 1993, the N-sources (description in Appendix A, Table   20 ) were applied in May, June, July, August, September, October, and November at the rates of 24, 13, 13, 24, 24, 49, and 49 kg N ha-1 ; respectively, for a total of 196 kg N ha-1 yr 1 (application dates listed in Appendix A, Table 21 ). After mowing, the fertilizers were applied with a shaker jar, and the study area was irrigated immediately with at least 2 an water. In August 1991, plots inadvertantly received 98 kg N ha-1 , and therefore plots were not fertilized again until November 1991 (i.e., 49 kg N ha-1).
From 1991 to 1993. iprodione was applied at 3.1 kg ai ha-1 on a 21-day interval from June through August. This is the recommended rate. but the normal spray interval for this fungicide is 10 to 14 days during environmental periods conducive to brown patch (Watschke et al., 1994) . The fungicide was applied with a C02 pressurized (262 kPa) sprayer equipped with an 8010 flat fan nozzle calibrated to deliver 1018 L ha-1 water.
Plots were assessed visually for disease severity using the HorsfallBarratt scale (Horsfall and Cowling, 1978: Schumann and Wilkinson, 1992) .
The Horsfall-Barratt scale is based on the Weber-Fechner law, which states that the human eye detects visual differences in a logarithmic scale (Hebert, 1982) . According to the Horsfall-Barratt scale, disease severity ratings are divided into 12 classes reflecting a range of percent plot area diseased as follows: 0 (0%), 1 (1-2%),2 (3-5%), 3 (6-11%),4 (12-24%), 5 (25-49%), 6 (50-74%), 7 (75-87%), 8 (88-93%), 9 (94-96%), 10 (97-99%), and 11 (100%).
Since percent area diseased was the desired variable, each class value was converted to a percentage according to the midpoint rule prior to statistical analyses (Campbell and Madden, 1991) . Plots were rated weekly for both blight and foliar mycelium, and for residual injury. Residual injury was the final assessment of damage after the disease subsided and turf had begun to recover. Subjectively, brown patch blight ratings> 2% and > 5% would be unacceptable commercially or in an IPM program, respectively. Plots also were rated for dollar spot CSclerotinia homoeocarpa Bennett), red thread (Laetisaria fuciformis [McAlpine] Burdsall), and bird damage.
Visual quality ratings were taken twice-weekly during active brown patch periods and monthly thereafter. Overall turf quality was based on a 0 to 10 scale. as described by Skogley and Sawyer (1992) , where 0 = entire plot area brown or dead and 10 = optimum color and density. Subjectively. quality ratings> 9.5. > 8.5. > 7.5. and < 6.9 were considered excellent, good, fair. or unacceptable; respectively. for golf course fairway or residential turf maintained in an integrated pest management (IPM) program. Due to the many interactions involved (i.e., mowing height, N-source, and fungicide treatments) quality data were unwieldy. Summarizing quality over seasons provided a more concise and consistent representation of treatment effects.
Quality data were combined for statistical analysis as follows: spring = 21
March to 20 June; summer = 21 June to 20 September; fall = 21 September to 20 December; and winter = 21 December to 20 March.
Carbohydrate content was monitored once annually between 28
August and 8 September 1991 to 1993. Glucose, fructose, and sucrose were quantified by random sampling of 10 plant crowns per plot. Only nonfungicide-treated plots were sampled. Crowns were removed, cleaned of soil and debris, and immediately placed in ice. After all samples were collected, crowns were removed from ice storage and freeze-dried. Each sample of 10 freeze-dried plant crowns were ground in a Wiley-Mill and passed through a 4Q-mesh (425-~m) screen. Carbohydrate extraction and analysis were performed according to the procedures described by Slaughter and Livingston (1994) . Briefly, 20 mg of freeze-dried, ground tissue were combined with 10 ml of boiling, deionized water in sterilized test tubes.
Tissue was then homogenized for 60 see in a polytron blender, followed by immersion in 95°C water bath for 30 min to halt enzyme activity. Next, extracts were filtered through glass fiber filter discs (Nucleopore Filters, VWR Scientific, Bridgeport. NJ) and the volume adjusted to 10 ml with distilled water. Two milliliter aliquots of the extracts were filtered through Dowex-SOW strongly acidic cation exhange resin (Sigma Chemical Co., St. Louis, MO), then 3 ml distilled water were filtered through resin for a final volume of 5 mi.
Carbohydrate analyses were performed on the final 5 ml solutions using high On 16 September 1993, soil pH was determined by randomly removing ten, 2 an diam by 6 em deep soil plugs. Soil plugs were divided into 0 to 3 em and 3 to 6 em zones. Soil from each plot and zone were mixed and air dried, then pulverized with a soil grinder. Soil pH was determined according to the procedure described by Smiley (1972) . Briefly, a 5 g soil sample was combined with 10 ml of 0.01 M calcium chloride solution and the mixture was allowed to equilibrate for 1 hr before measuring pH with an electronic meter (Coming Model 7 pH Meter, Coming Science Products, Medfield, MA). As noted by Smiley (1972) , this method provided pH values independent of the soil sample's dilution and initial salt concentration.
Throughout the duration of the field study, the plots were irrigated as needed to prevent drought stress. Each year in April, the herbicide dithiopyr 
diethyl phosphorothioate] was applied to control Japanese beetle larvae (Popillia ;aponica Newm.) expected to develop due to turfgrass injury resulting from bird damage.
The N-sources also were applied to a perennial ryegrass blend ('Palmer', 'Prelude', and other unknown cultivars) fairway at Woodholme Country Club, Pikesville, MD (application dates listed in Appendix A, Table   21 ). At the request of the superintendent, a 14N-OP-22K fertilizer (description in Appendix A, Table 20 ) also was included. Soil was a Manor sandy loam (course-loamy, micaceous mesic Typic Dystrochrepts) with an initial pH of 6.7
(measured in distilled water) and 42 mg organic matter g-1 soil. Initial P and K levels were 170 kg ha-1 (high) and 450 kg ha-1 (very high), respectively.
Individual Pikesville plots measured 1.5 by 3.0 m, and were arranged as a randomized complete block design with four replications. The study area was mowed bi-weekly with a reel mower to a height of 1.9 an, and was irrigated as needed to prevent drought stress. The N-source applications were initiated in May 1991, and were applied as previously described for the Silver Spring site. Visual ratings for disease severity and turf quality were taken throughout the study as previously described. On 3 September 1994, soil plugs were removed from each plot and soil pH was determined as previously described.
There were no iprodione sub-plots at Pikesville. However, in June 1991, 9.2 kg ai ha-1 chlorothalonil were inadvertantly applied to the site. On 10 and 17 July 1992, metalaxyl was applied at 1.6 kg ai ha-1 to prevent Pythium blight. On 18 July, 14 and 28 August, and 4 September 1992, and 22 June 1993,0.2 kg ai ha.. 1 fenarimol were applied to control dollar spot.
All disease severity and turf quality data were subjected to analysis of variance and significantly different means were separated using Fisher's protected least significant difference (LSD) test at P:s 0.05 (Steel and Torrie. 1980; Gilligan, 1986) . The standard errors necessary for calculating LSD values for multiple treatment comparisons were determined as outlined by Steel and Torrie (1980) . Statistical calculations were performed using Statistical Analysis Software (SAS Institute, 1985) . Brown patch severity data were used to calculate the area under the disease progress curve ( and Finney, 1977; Berger, 1988) . The dates used to calculate AUDPC were 12 June to 24 August; 7
July to 22 August; and 10 July to 24 August in 1991 August in , 1992 August in , and 1993 respectively. The dates used to calculate AUCRC were 25 August to 15
October, 23 August to 13 October, and 25 August to 28 September in 1991.
1992, and 1993, respectively. The AUDPC and AUCRC values also were analyzed as a split-split plot experimental design combined over years (Mcintosh, 1983) . Where appropriate, data were subjected to correlation analysis as described by Freund and Littell (1991) .
RESULTS AND DISCUSSION
Area under disease progress curve values depict the progress of blight over the season, and AUCRC data quantifies the late summer recovery of turf as influenced by the treatments. Combined analyses of AUDPC and AUCRC data over seasons revealed a significant mowing height by N-source by fungicide by year interaction (Appendix A, Table 22 ). Therefore, AUDPC and AUCRC disease severity data were analyzed separately for each year. Foliar mycelium data are only discussed where they add new or important information. Selected blight and residual blight data are shown primarily to demonstrate the actual level of disease injury and turf recovery.
SILVER SPRING BROWN PATCH BLIGHT IN 1991
Warm and humid weather conditions occurred in late May, and brown patch symptoms were first observed on 3 June. On that day an average of 14% plot area was blighted (data not shown). Since no significant treatment effects were observed on 3 June, the disease was considered equally distributed over the study area. The first and most extensive brown patch outbreak was observed on 3 July. The result was extensive plot injury. which remained evident throughout July and August. Hence, disease pressure was considered severe in 1991.
Mowing Height. Representative blight ratings for mowing height by fungicide interactions are shown in Table 1 . In non-fungicide-treated turf, blight was more severe in plots mowed to a height of 1.7 an than plots maintained at 4.5 an. This remained true on all rating dates. Unacceptable blight (Le., > 5%) was evident on 26 June, and by 8 July disease pressure in plots subjected to both mowing heights was severe (i.e.,~62% plot area blighted). Blight levels on 8 July were proportional to the amount of foliar R.
solani mycelium cover observed on 3 July. Higher AUDPC and AUCRC values were noted in low-cut versus high-cut turf in non-fungicide-treated plots.
On 3 July I iprodione effectively reduced the amount of mycelium cover compared to non-fungicide-treated plots (Table 1) . Despite an average of 30% mycelium cover on 3 July, an average of only 5% blight was observed on fungicide-treated plots on 8 July.
No blight differences were observed between mowing height treatments in fungicide-treated turf (Table 1) . Iprodione significantly reduced blight levels throughout the season. For an IPM program, the level of brown patch control in fungicide-treated turf was considered acceptable (i.e., S 5% plot area blighted) to marginally acceptable (i.e., 6 to 10%) on all dates.
There were no differences in AUDPC and AUCRC values among fungicidetreated plots.
N-Source. Analysis of blight data revealed a significant effect due to Nsource, but no N-source interactions with mowing height or fungicide treatments were observed. The only exception was on 30 June, and this interaction is discussed below. No N-source (except on 30 June) in nonfungicide-treated plots had blight ratings equivalent to those in fungicide-treated plots in 1991. Therefore, data presented in Table 1 This enhancement of mycelium growth would explain the generally higher blight levels in plots treated with Ringer CP on 15 and 29 July.
Brown patch blight ratings were influenced by N-source during July.
but not on the first rating dates of 12 and 26 June. This was likely due to the use of chlorothalonil (6.3 kg ai ha-1 ) on 3 June to suppress the early season epidemic. By 8 July, five days after the extensive disease outbreak, brown patch was severe (i.e.,~27% plot area blighted) in all plots. Blighting was consistently higher in plots treated with Ringer CP and IBDU, and lower in plots treated with Ringer and ammonium sulfate in July (Table 1) . Only turf treated with Ringer and ammonium sulfate had lower blight ratings, when compared to unfertilized plots by 29 July.
Disease pressure decreased slightly by August, however, equivalent blight ratings were observed among all treatments (most data not shown in Table 1 ). Throughout August, plot area blighted ranged from 27 to 38%. Due to a static, but high level of injury in August, turf recovery was equally slow among all treatments. Despite severe blighting, residual injury declined in mid-September, and ranged from 6 to 13% of plot area damaged on 1
October. Hence, while turf recovered after the disease subsided, no N-source was associated with improved recovery.
The highest AUDPC value was observed in turf treated with Ringer CP, but these values did not differ from some other N-sources as well as unfertilized plots (Table 1 ). The AUDPC data show that only ammonium sulfate reduced brown patch when compared to the unfertilized check. 
TURFGRASS QUALITY IN 1991
Mowing Height. Mean quality data representing mowing height by fungicide interactions are presented in Table 2 . Seasonal turf quality was minimally affected by mowing height in 1991. In non-fungicide-treated turf, quality was poor (i.e., s 6.5) in spring and very poor (i.e., S 6.0) in the summer.
Turf quality improved slightly between fall (average = 6.0) and winter (quality rating~6.4).
In fungicide-treated turf, quality was poor in spring prior to iprodione applications. Iprodione was effective at reducing blight, therefore, turf quality was improved. The level of summer and fall quality was unacceptable in fungicide-treated turf (range = 6.5 to 6.8). Winter quality of fungicide-treated turf was comparable to non-fungicide-treated plots.
N-Source. Overall spring quality ratings were generally poor (i.e., S 6.7), but significantly higher ratings were associated with Ringer (average = 6.7) ( Table 2 ). Due to extensive blighting in summer, poor quality (i.e., S 5.8)
was observed in all non-fungicide-treated plots. Except for the unfertilized check, iprodione-treated plots generally had better summer quality than nonfungicide-treated plots. Only plots receiving iprodione and fertilized with Ringer, SCU, methylene urea, ammonium sulfate, and urea had fair (i.e.,7
.0) summer quality.
Higher fall quality ratings were noted in fungicide-treated plots receiving N than non-fungicide-treated or unfertilized turf. Fall N applications improved quality in non-fungicide-treated turf by winter. and ratings among all N-treated plots were similar.
BROWN PATCH BLIGHT IN 1992
Blight levels were high from mid-July to mid-August. but subsided to a moderate level in late-August. Brown patch first appeared on 1 July. but significant injury was not observed until mid-July.
MowinO Height. Significant mowing height by fungicide interactions were noted on seven dates (Table 3) . In non-fungicide-treated turf, blight was generally more severe in higher-than lower-cut plots, which was opposite of 1991 results. This is corroborated by AUDPC values, which also showed that greater injury had occurred in high-cut plots in 1992. Except on 13 July, blight levels were generally unacceptable in non-fungicide-treated plots. In fungicide-treated plots, disease was reduced significantly (s 8% plot area blighted) across both mowing heights throughout the summer. (Table 3) . In non-fungicide-treated turf, disease symptoms were first recorded on 13 July, and unacceptable blighting was noted by 22
July. In non-fungicide-treated turf, blight was consistently greater in urea followed by SCU-treated plots during the peak disease pressure period of 29
July to 24 August 1992. A few N-sources in non-fungicide-treated plots were associated with reduced blighting, when compared to unfertilized turf on 29
July, and 14, 24, and 31 August. Only Ringer and Sustane-treated plots had reduced brown patch on all of those dates. Futhermore, on 22 and 29 July, and 24 and 31 August, only Sustane applied to non-fungicide-treated turf had blight ratings comparable to iprodione-treated plots.
During the entire rating period, there were no blight differences among N-sources in fungicide-treated plots. Except on 6 and 14 August (fungicide last applied on 2 August), the level of disease control provided by iprodione was acceptable. Turf recovered rapidly in late summer and on 15 September residual injury ranged from < 1 to 6% damage among all treatments.
Analysis of AUDPC and AUCRC data also revealed a significant resource by fungicide interaction (Table 3) The AUCRC data showed that in non-fungicide-treated plots receiving urea, SCU, ammonium sulfate, and unfertilized plots recovered the slowest.
Turf recovery in non-fungicide-treated Sustane plots, however, was comparable to all iprodione-treated plots. No differences in AUDPC and
AUCRC values were detected among plots treated with iprodione.
TURFGRASS QUALITY IN 1992
Mowing Height. In spring, quality was higher in turf mowed to a height of 4.5 cm (Table 2) . Non-fungicide-treated turf, at both mowing heights, exhibited poor summer quality. In fungicide-treated turf, fair quality (i.e., > 7.0) was observed at both mowing heights in the summer and fall. Fall N applications to low-cut turf resulted in better winter quality than was observed in high-cut turf for both fungicide and non-fungicide-treated plots.
N-Source. Quality was greater in plots receiving N. when compared to unfertilized turf throughout 1992 (Table 2 ). In the spring. quality of N-treated turf ranged from poor to fair (rating = 6.0 to 7.0) in all plots. but unfertilized turf had very poor quality (rating = 4.8). In summer. all plots receiving N plus iprodione had quality ratings~7.1; whereas. non-fungicide-treated counterparts had poor quality. with ratings ranging from 6.1 to 6.7. Summer quality of unfertilized turf was poor (average = 5.3). regardless of fungicide treatment. In the fall. all N-treated turf had quality ratings averaging~7.0.
except plots fertilized with ammonium sulfate (average = 6.4). As was observed in 1991. fall quality ratings between counterpart N-sources for fungicide versus non-fungicide-treated plots were similar in 1992. In the winter. all plots receiving N had much better quality than non-fertilized turf. All plots receiving N generally had fair (average~6.8) winter quality.
BROWN PATCH BLIGHT IN 1993
Brown patch blighting first was evaluated on 10 July. Disease pressure was considered moderately-high by mid-July. but subsided to a low level in August. Significant mowing height by fungicide and mowing height by N-source by fungicide interactions were observed in 1993.
Mowing Heioht. Brown patch severity differences for five representative dates are shown in Table 4 . In both fungicide and nonfungicide-treated turf. blight was more severe in high-cut plots during July when disease pressure was high. At this time. iprodione only had reduced blighting to within acceptable limits in low-cut turf. where disease pressure was less. This observation was consistent with 1992 results. There were.
however, no blight differences between mowing heights in August within fungicide treatments. Furthermore. only fungicide-treated plots had acceptable levels of blighting.
As was observed in 1992, turf recovered rapidly and residual injury was s 2% plot area blighted in late September. Greater AUDPC values, however, show that blight was more severe in high-cut turf in both fungicide and non-fungicide-treated plots ( N-Source. There were no significant N-source by fungicide interactions in 1993. That is. no N-source in non-fungicide-treated turf had blight ratings equivalent to any fungicide-treated plots. This also was observed in 1991, and 1993 data were therefore combined over mowing height and fungicide treatments.
Moderate to high blight levels were observed in the test site between 10 and 21 July ( (Sanford, 1947; Davey and Papavizas, 1960, 1963) , organic N-sources used here were generally the only treatments that enhanced foliar mycelium. This was observed on several dates in 1993, and
with Ringer CP-treated turf in July 1991. This enhancement of foliar mycelium also was observed with Ringer in a companion study (Chapter III).
TURFGRASS QUALITY IN 1993
Mowing HeiQhl Seasonal quality as influenced by mowing height and iprodione treatments are shown in Table 2 . In the spring, turf quality was fair (i.e., it 7.0) at both mowing heights. No quality differences were attributed to mowing height during spring, summer or fall in fungicide-treated turf. Mowing height data show that summer and fall quality were improved by fungicide use.
N-Source. In spring, only non-fertilized turf exhibited poor quality (average = 4.8); whereas, all N-treated turf had ratings it 7.1 ( Table 2) . As was observed in 1991 and 1992, iprodione improved turf quality significantly, and all plots receiving N plus iprodione had fair summer quality (rating > 7.2).
Summer quality for non-fungicide-treated N-source plots ranged from 6.1 to 6.6. Consistent with 1991 and 1992 observations, summer quality was poorest for unfertilized turf, regardless of fungicide treatment. By fall, all plots receiving N had fair quality (rating a 7.2). As was observed in 1992, there was no improvement in fall quality in iprodione-treated plots. While there were few significant quality differences among N-sources, greatly improved fall quality (rating 2 8.0) was observed for the first time in 1993 and only in SCU and methylene urea-treated plots that received iprodione. Lowest fall qualify among N-sources was associated with ammonium sulfate in both fungicide and non-fungicide-treated turf.
SILVER SPRING BROWN PATCH BLIGHT SUMMARY, 1991 TO 1993
Disease pressure was considered severe in 1991, moderately-high in 1992, and initially moderately-high from 10 to 27 July 1993, but low thereafter.
In non-fungicide-treated plots, brown patch was more severe in turf mowed to a height of 1.7 cm in 1991, but greater in high-cut (i.e., 4.5 cm) turf in 1992 and 1993. According to 1993 AUDPC data, blight in non-fungicide-treated, low-cut plots was equivalent to blight in fungicide-treated plots maintained at 4.5 cm. This was because blight was more severe in high-cut turf during that year, however, seasonal quality data showed that iprodione had significantly improved turf quality, regardless of mowing height.
The N-sources had no consistent influence on brown patch severity over the three year period. While blight ratings generally were comparable between unfertilized turf and plots receiving N, N-treated plots almost invariably had better quality than non-fertilized turf. CNorosis, poor vigor, and thinning of the stand as a result of a N deficiency was the cause of poor quality in unfertilized twrf, regardless of fungicide use.
In non-fungicide-treated plots, ammonium sulfate in 1991, and Sustane and Ringer in 1992 reduced brown patch when compared to unfertilized turf.
In 1992, there was greater disease injury in non-fungiade-treated plots fertilized with urea and SCU. The 1992 AUDPC data showed that nonfungicide-treated Sustane and Ringer plots had blight levels equivalent to fungicide-treated turf. However, the summer quality of fungicide-treated Sustane and Ringer plots was significantly higher (rating -7.2) than nonfungiade-treated Sustane and Ringer plots (rating -6.4). In 1993, disease pressure was variable but generally low, and no blight differences among resource were observed.
Hence, no N-source was consistently associated with any adverse or beneficial influence on brown patch over the three year study. Had there been a beneficial influence among any N-source '^ likely would have been expressed by the third year when late summer disease pressure was lowest.
Iprodione applied on the 21-day interval reduced blight significantly and its use had resulted in fair summer quality for an IPM program in all three years.
The summer quality of iprodione-treated plots, however, was unacceptable for high quality turf in all three years.
When N-source quality data were combined over mowing heights, iprodione-treated plots exhibited better fall quality than non-fungicide-treated plots. This likely reflects less disease injury and therefore better fall recovery in the fungicide-treated turf. Dernoeden and Mcintosh (1991) also observed improved fall and sometimes winter quality in perennial ryegrass treated with iprodione and other fungicides applied monthly from April to September. CARBOHYDRATE ANALYSES, 1991 TO 1993 Fructose, glucose, and sucrose levels were determined only from crown tissues collected from non-fungicide-treated plots in all three years. In 1991, only sucrose levels were affected by mowing height (data not shown).
Sucrose concentrations were 24 and 13 mg g-1 dry weight for turf mowed at 1.7 an and 4.5 an, respectively. Typically, carbohydrate levels decrease in plots subjected to low and frequent mowing (Youngner and Nudge, 1976) .
lower sucrose levels in turf mowed at 4.5 em may be attributed to the plants' accelerated need for carbohydrates for shoot regrowth and recovery, since blighting was more severe in low-cut turf versus high-cut turf in 1991. Soluble carbohydrate concentrations were not affected by N-source in 1991.
There were no significant differences in plant carbohydrate levels between mowing height and among N-source treatments in 1992 (data not shown). In 1993, glucose levels were greater in plants collected from plots treated with Ringer and SCU (average = 60 mg g-1), when compared to plots fertilized with Ringer CP, methylene urea, and ammonium sulfate (average = 35 mg g-1) (data not shown).
Combined data analyses over three years revealed that sucrose levels were affected by mowing height (Appendix A, Table 23 ), but individual fructose, glucose, and sucrose concentrations varied among years. Crown tissue sucrose levels were greater in low-cut (average = 64 mg g-1) versus high-cut (average = 51 mg g-1) turf. As previously noted, carbohydrate levels decrease with low mowing height (youngner and Nudge, 1976) . Sucrose levels may have been depleted in high-cut turf because blighting was greater in plots cut to 4.5 an versus 1.7 an in 1992 and 1993. Hence. more carbohydrates likely were needed for shoot growth in the higher-cut turf.
Fructose, glucose, and sucrose levels were lowest in 1991 (average = 8 mgeg-1) when brown patch was most severe (carbohydrate data not shown). Low levels of carbohydrate reserves indicate conditions of plant stress and injury (Zanoni et a!., 1969) . Carbohydrate levels were greater in 1992 and 1993 (average = 53 mg g-1), corresponding perhaps to less disease in the latter two study years. Comparing the carbohydrate fractions over years, sucrose levels were greater than glucose and fructose levels (Appendix A, Table 23 ). Among the soluble carbohydrates in turfgrasses, sucrose levels are typically greater than glucose and fructose (Smith 1972; Westhafer et aI., 1982) . A significant, but weak and negative association (average r = -0.536) was observed between total carbohydrate (Le., fructose, glucose, and sucrose levels combined) concentration and brown patch severity (Appendix A, Table 24 ).
NEMATODE POPULATION DENSITIES, 1991 TO 1993 Only the population densities of the dagger nematode were affected by N-source, and only in 1991 (data not shown). A higher population of daggar nematodes were found in Sustane and 18DU fertilized turf (average = 38 nematodes 250 cm-3 soil), when compared to turf treated with Ringer, SCU, methylene urea, ammonium sulfate, and unfertilized plots, (average = 12 nematodes 250 cm-3 soil).
Nematode population density data from the five sampling dates were combined and analyzed over time. Combined data showed that no N-source had a significant affect on nematode population densities. A three year average of data showed that stunt population densities were highest (average = 169 nematodes 250 cm3 ) followed by spiral (average = 71), lance (average = 28), daggar (average = 28), and lesion (average = 9) population densities (Appendix A, Table 25 ). Data also showed that stunt nematode population densities increased dramatically in June 1993, while spiral populations peaked in June 1992 and 1993.
Mowing height influenced nematode population densities on a few dates. In June 1993, daggar populations averaged 51 and 23 nematodes 250 an 3 for high and low-cut turf, respectively. In October 1993,lance populations averaged 22 and 46 nematodes 250 an 3 for 4.5 and 1.7 an mowed turf, respectively.
Combined analysis over the three year period revealed a mowing height by time interaction for lesion, lance, and daggar nematode population densities (Appendix A, Table 25 ). Lesion nematode population densities were greatest in low-cut plots on June 1993, however, lance populations were greatest in high-cut plots on June and October 1993. Daggar populations were generally greater in high-cut turf in June and October 1993.
Lower daggar population densities, however, were observed in high-cut turf in June 1992.
A survey of plant parasitic nematode population densities in turf in the northeast region listed the stunt nematode as a commonly occurring species (Reidel, 1979) . Although Rodriquez-Kabana (1986) reported a reduction of stunt and spiral nematode population densities with ammonium-based N in greenhouse studies on citrus and potato crops, those effects were not apparent in this study.
The interaction between plant disease and nematode populations is not well docunented (Wallace, 1983) . It is conceivable that turf root injury due to the parasitic activity of nematodes may weaken plants and render them more susceptible to disease. No significant correlation, however, was found between nematode population densities and brown patch severity over the three year period (Appendix A, Table 26 ).
DOLLAR SPOT SEVERITY. 1992 AND 1993
Plots were rated for dollar spot when infections occurred on 14 dates from June through September 1992 (data not shown). Dollar spot blight differences due to N-source only occurred on 22 July 1992. Disease severity was highest in unfertilized plots. averaging 2% plot area blighted versus0
.5% in all N-source-treated plots. Foliar blight differences due to fungicide treatment were noted on 2 and 16 July 1992. Disease severity was consistently lower in iprodione-treated plots (~0.1%) compared to nonfungicide-treated plots (2%). There was a mowing height by fungicide interaction on 25 August 1992. On 25 August. blight was more severe (Le., average = 10% blight) in non-fungicide-treated 1.7 an mowed turf versus non-fungicide-treated 4.5 an turf (5% blight) versus iprodione-treated plots (average = 0% blight).
For the majority of rating dates in 1992. dollar spot blight differences were attributed to N-source by fungicide interactions. Typically. unfertilized (no fungicide) plots averaged 10% plot area blighted, N-source-treated plots (no fungicide) averaged~5%. and there was 0% blight in fungicide-treated plots.
Dollar spot was evaluted on 6 rating dates from May through August 1993 (data not shown). Dollar spot was influenced by a mowing height by Nsource interaction .. Plot area blighted for unfertilized plots averaged 15% when mowed at 1.7 an versus s 3% for all other mowing height by N-source treatments including unfertilized plots maintained at 4.5 an. In spring 1993.
unfertilized turf (without iprodione) averaged 31% plot area blighted.
unfertilized turf (with iprodione) averaged 6%, and all other treatment combinations averaged s 3%. These data are not surprising, as dollar spot is typically more severe in poorly nourished turf (Smiley et al., 1992) .
RED THREAD SEVERITY, 1992
Red PLOT DAMAGE FROM BIRD FEEDING, 1993 On 10 September 1993, birds were observed feeding in the study area and they caused visible turf injury to several plots. There were, however, no damage differences among the treatments (data not shown). Although extensive bird activity was noticed in plots mowed to a height of 4.5 em and fertilized with Ringer Cp, no significant N-source preference was documented because injury was not consistent across all replications. The organic components of Ringer CP may have attracted the birds to feed in those plots.
Visual inspection of the study area, however, uncovered little evidence of extensive insect populations that would attract bird predation. Earthworm populations were not quantified.
SOIL pH, 1993
Soil pH was determined at the conclusion of the study. Data from the two sampling depths resulted in significant depth by mowing height and depth by N-source interactions (Appendix A, Table 27 ). In plots mowed at 4.5 em, soil pH was lower (pH = 5.1) at the 0 to 3 em sampling depth, when compared to all other mowing height by sampling depth treatments (average = 5.3). Soil from plots treated with Ringer CP had a higher pH at the 0 to 3 em depth (pH = 5.8), when compared to all other mowing height by sampling depth treatments (average = 5.1). Lowest soil pH values were recorded at the 0 to 3 em depth for plots treated with SCU, urea, and ammonium sulfate (average pH = 4.6).
At both sampling depths, greater acidification occurred in plots treated with ammonium sulfate (average pH = 4.8). Soil pH was highest in Sustane, Ringer CP, and unfertilized plots (average = 5.7). Despite soil pH differences among N-sources at both sampling depths, no significant correlation existed between 1993 brown patch severity data and soil pH (Appendix A, Table 28 ).
PIKESVILLE 1991 RESULTS
Brown Patch Blioht. Brown patch symptoms were first noted on 5 June, and the study site ranged from 6 to 20% plot area blighted (Table 5) .
Chlorothalonil was accidently applied to the site in early July, and blighted turf had recovered (averaging < 1% plot area blighted) by late July (data not shown). In early August 1991, disease symptoms reappeared. Plots averaged 14% area blighted by mid-August (data not shown). Late season blighting in August resulted in severe turf injury with moderate recovery in September (Le., range of 9 to 19% plot area damaged). No N-source, however, had a significant effect on disease severity (i.e., AUDPC) or turf recovery (i.e., AUCRC).
Turforass Quality. Turfgrass quality sunvnaries for each season and year are presented in Table 6 . In 1991, there were no significant turfgrass quality differences observed among N-sources. Fair quality (ie. rating~7. 1) was observed among all N-sources in spring and summer 1991, however, quality declined during late summer due to injury from brown patch. Fall quality was unacceptable as a result of late summer disease injury.
RESULTS
Brown Patch BUehl Disease pressure was very low in 1992. Brown patch symptoms were first observed on 16 July, and by late August blight ratings only ranged from s 1 to 3% (Table 5 ). Brown patch severity and turf recovery were not influenced by any N-source in 1992.
Turfgrass Quality. No significant turf quality differences among Nsources were noted in 1992 (Table 6 ). In 1992, brown patch pressure was low (s 3% plot area blighted), therefore, all plots receiving N exhibited fair to good quality throughout the year. From spring through fall, the quality of unfertilized turf averaged 6.4 compared to 7.9 for N-treated plots.
Brown Patch Blight. The study area again was subjected to severe brown patch pressure in 1993. The earliest disease symptoms appeared on 22 June. Severe blighting was observed by 14 July, ranging from 61 to 88% plot area damaged (Table 5) . No significant differences in blight were found among N-sources. Turf began to recover from brown patch injury in midAugust. By late September, turf damage was greater in unfertilized check plots (28%) versus all N-source-treated plots (range of 4 to 14%). Hence, N enhanced turf quality. but no single N-source reduced brown patch or was associated with improving turf recovery.
Turfgrass Quality. Because of severe blighting in 1993. turf quality differences due to N-source only were observed in the spring prior to disease appearance in the summer (Table 6) . Although all N-sources produced fair quality in the spring, the highest quality was Provided by ISOU and SCU. Due to severe brown patch in 1993, no differences in turf quality were observed among treatments in the summer and fall. Only ammonium sulfate-treated plots had fair turf quality (i.e.,~7.0) in the fall.
Soil pH. Soil pH was determined from samples collected on 3
September 1993. No soil pH differences were observed among N-sources at the Pikesville site. Soil pH at the 0 to 3 em sampling depth (pH = 6.4) was significantly lower than that measured at the 3 to 6 em depth (pH = 6.6) (Appendix A, Table 29 ). There was no correlation between soil pH and brown patch severity. (Appendix A, Table 30 ).
PIKESVILLE BROWN PATCH BLIGHT SUMMARY, 1991 TO 1993
Blight data for all three years were analyzed separately and combined (Appendix A, Table 31 ). No blight differences, however, were found among N-sources when data were analyzed as disease progress or crop recovery curves.
SUMMARY AND CONCLUSIONS
More foliar mycelium was observed in plots treated with Ringer CP in 1991 and Ringer CP and Sustane in 1993 at Silver Spring. As noted previously, this may have been the result of B. solani using the organic base of these materials as a substrate. Foliar mycelium cover, however, was effectively reduced by iprodione.
At Silver Spring, disease levels were considered severe, moderatelyhigh, and moderate then low in 1991, 1992, and 1993, respectively. In non-fungicide-treated plots, blight was greater in plots mowed to a height of 1.7 an in 1991, whereas, more injury occurred in high-cutturf in 1992 and 1993.
Brown patch was significantly reduced by iprodione at both mowing heights in all three years.
None of the N-sources consistently reduced blighting in all three years.
With very few exceptions, the level of blighting in unfertilized plots was comparable to blighting in plots receiving N in non-fungicide-treated turf. In 1992 only, Sustane and Ringer applied without iprodione generally exhibited blight levels equal to fungicide-treated plots. Summer turf quality, however, in non-fungicide-treated Sustane and Ringer plots was inferior to fungicidetreated turf. Furthermore, no N-source plus iprodione was consistently associated with improved disease control or turf quality. Only the quality of unfertilized plots could not be improved with iprodione (Table 2 ). The use of iprodione increased turf quality to a .fair.level for an IPM program, but only in plots where N was applied. The level of quality provided by iprodione on the extended spray interval, however, would be considered unacceptable for high quality turf situations. Iprodione-treated plots generally recovered from brown patch more rapidly in late summer. At Pikesville, however, no N-source significantly influenced brown patch blighting, turf quality or recovery.
Crown carbohydrate levels were not consistently influenced by mowing height or by N-source. There was no apparent relationship between brown patch severity and carbohydrate content. Lower sucrose concentrations in high-cut turf in 1992 and 1993, however, may have reflected the greater disease incidence associated with turf mowed to a height of 4.5 an in those years.
Mowing height and N-source treatments generally had no significant impact on plant parasitic nematode populations densities. There was no apparent relationship between either soil pH or plant parasitic nematode population densities and brown patch. 
